T RANSPOSITION of the great arteries (TGA) is a common and frequently lethal congenital cardiac malformation.' Among 100 infants with congenital heart disease who died within the first month of life, Ober and Moore2 found that 27 had TGA. Nearly all untreated infants with this entity die before 6 months of age, and most of them before 3 months. 3 4 In the past few years a variety of surgical procedures for correction of this defect have been de-Ventricular septal defect Blalock-Hanlon operation vised. [5] [6] [7] [8] [9] [10] [11] [12] In patients beyond 1 year of age and without other associated surgical defects, correction of transposition has been attempted with a mortality of 17 to 29%, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] when the method perfected by Mustard Edwards and Bargeron.20 4AAKSHKIND,D MILLER In 1966 the authors described a nonsurgical method of creating an atrial septal defect for palliation of TGA, using a balloon-tipped intracardiac catheter.2' Since that time additional instances of successful palliation by this technique have been documented by others. [22] [23] [24] [25] The purpose of this report is to review the method of balloon atrioseptostomy (BAS), to present the results of this treatment in 31 infants with TGA, and to compare these results with those following surgical creation of atrial septal defects using thoracotomy.
Methods
From May 1965 to October 1967, thirty-two infants have been admitted to The Children's Hospital of Philadelphia with TGA (dextro) with or without a ventricular septal defect and a patent ductus arteriosus. One of these patients died before BAS could be performed. In each of the other 31 infants, who form the basis of this report, BAS was carried out as an integral part of the cardiac catheterization procedure immediately after the anatomic diagnosis was established.
In 21 patients no other defects of hemodynamic significance were found at the time of the original diagnostic study, and this group is hereafter identified as "isolated" TGA (table 1) . Among the remaining 10 patients, significant ventricular septal defects were present in seven, and large patent ductus arteriosus were demonstrated in three. Excluded from this report are patients with TGA in association with coarctation or atresia of the aorta, stenosis or atresia of intracardiac valves, single ventricle, or total anomalous drainage of systemic or pulmonary veins.
At the time of BAS the ages of the patients ranged from 4 hours to 332 months (average, 28 days), and all but two weighed less than 9 pounds. All 31 infants had obvious physical and roentgenographic signs of congestive heart failure and at least moderate degrees of cyanosis. Among 18 with severe heart failure or lifethreatening hypoxemia, 11 to carry the balloon in a single motion from the left atrium to the junction of the inferior vena cava and right atrium. Then the balloon was advanced rapidly from the vena cava to the right atrial cavity and deflated. Using gradually increasing balloon volumes, BAS was repeated five to ten times until no resistance was felt during withdrawal of a balloon inflated to a diameter of 1.5 to 2.0 cm. Figure 1 illustrates the balloon catheters, and figure 2 shows cineangiograms of one septostomy.
Results
All 31 infants survived BAS without complications from the procedure itself. Transient arrhythmias during BAS were uncommon, and no patient had permanent abnormalities of conduction. Figure 3 illustrates the minor changes in the ECG and Circulation, Volume XXXVIII, September 1968 femoral arterial pressure during typical septostomy. Resting left atrial-to-right atrial pressure gradients were measured before and after BAS in 11 patients. A decrease in the a-wave gradient was recorded in nine of them and a reduction in mean pressure gradient was demonstrated in 10 ( fig. 4 ). An increase in arterial oxygen saturation was found immediately after BAS. In 20 patients in whom saturation changes were measured ( fig. 5 ), the mean increase was 23% (range, +7 to +42%). In 15 patients with "isolated" TGA, mean saturations of 41% (range, 12 to 86%) increased to 64% (range, 32 to 94%) after BAS. In five patients with TGA and large ventricular septal defects mean saturation of 53% (range, 40 to 76%) increased to Changes in the interatrial pressure gradients (LA/RA). The left column shows the a-wave changes, and the right column the mean changes in. 11 patients with TGA before, and immediately after, BAS. Systemic arterial oxygen saturations before, and immediately after, BAS in 15 patients with "isolated" TGA (left column), and in five patients with TGA and ventricular septal defects (right column). Patency of the ductus arteriosus is relatively common in infants with TGA, but it is rarely of hemodynamic significance. However, in those patients with TGA and patent ductus arteriosus in whom aortography illustrates a large systemic-to-pulmonary arterial shunt, an ominous situation may exist. In this series, each of three infants with this degree of ductal patency developed severe congestive heart failure at an early age and died within hours after emergency BAS. In patients such as these, if congestive failure persists after BAS has provided adequate mixing, the ductus should be ligated.
The overall long-term mortality in these 31 patients was 28%, and in those with "isolated" TGA it was 19%. Among the nine infants who died, four were moribund before BAS, and two died of serious, noncardiac abnormalities. From three large medical centers where surgical creation of atrial defects has been used for palliation of TGA, mortality rates of 30 to 57% have been reported. 13 Irrespective of the method of creating the atrial defect, further reduction in the mortality from TGA to levels below 20% will depend primarily on the earlier referral of cyanotic infants, especially newborns, to major treatment centers. These infants, particularly if they show signs of congestive heart failure, should be handled as emergencies. The details of general management before and during cardiac catheterization are critical. Effective digitalization and prompt diuresis are imperative if time permits. HyCirculation, Volume XXXVIII, pothermia and metabolic acidosis from severe hypoxemia and heart failure are ominous signs for which high oxygen environment, effective body warming, and prompt administration of intravenous buffers are indicated. However, these temporary measures become increasingly ineffective, and a rapidly executed diagnostic cardiac catheterization, followed by adequate septostomy, is mandatory. A dramatic diminution in the signs of respiratory distress is usually seen after the first catheter septostomy. This immediate improvement is probably the result of decompression of the left atrium with reduction in pulmonary venous hypertension and intrapulmonary-left heart blood volume. Left atrial-to-right atrial pressure gradients are decreased by BAS ( fig. 8 ). Measurement of this reduction, particularly the left atrial awave pressure, is a useful guide to the adequacy of septostomy, as described by Muster and his associates. 25 All patients with TGA require careful management after successful palliation, whether by surgical or nonsurgical means. Many continue to demonstrate moderate cyanosis. All of the patients in this study showed an early increase in systemic arterial oxygen saturation. In the 20 in whom the change was measured, a mean increase of 23% was found immediately after BAS. The increase in systemic arterial oxygen saturation after BAS is comparable to that found after surgical creation of atrial septal defects. The increase in systemic arterial oxygen saturation several months after Blalock-Hanlon operations has recently been reported in In situ photograph taken at timne of Mustard correction, demonstrating the atrial septal defect produced by BAS 2 years earlier. 
